Introduction
Coccolithophorids, which live in photic zone of world Ocean, are considered to be sensitive to changes in sea surface temperature and nutrient conditions. As these reasons, nannofossils, fossil of Coccolithophorids, are useful not only for biostratigraphy but also for paleoceanographical reconstruction of Mesozoic and Cenozoic ages.
Although the coccolithophorids live in upper photic zone in recent ocean, a few species such as Florisphaera profunda, present in lower photic zone in recent stable Ocean [1] [2] . The ecological characteristic of Florisphaera profunda is applicable to reconstruction of paleoceanographic conditions on stability and nutrient conditions of surface Ocean. However, as the occurrence of Florisphaera profunda is limited in the interval of Pliocene to Quaternary, it's difficult to apply to reconstruct the stability of surface Ocean to the Neogene sequence based on the ecology of Florisphaera profunda.
Scientist focused on paleoecology of discoasters. Discoaster had been interpreted as warm water species based on limited distribution in lower latitude region [3] [4] . Aubry [5] interpreted the discoasters as lower photic zone species based on their distributions. Stoll et al. [6] interpreted that Discoaster lived in lower photic zone based on Sr of discoasters in the Paleogene sequence. This indicates that the discoasters are useful tool for reconstruction of paleoceanographic conditions such as ocean surface stability.
On the other hand, Takahashi and Okada [7] showed that coccolith size is a good tool for indicator of sea surface nutrient conditions. Based on these research results, recently, Sato and Chiyonobu [8] reconstruct the history of surface ocean stability based on coccolith size and Discoaster abundance. Farida et al. [9] and Imai et al. [10] also discussed the Neogene paleoceanography of Pacific Ocean based on Discoaster abundance, nannofossil productivity and Reticulofenestra size. However, the problems for interpretation on the cause of these paleoceanography changes and the relationship between other areas are still remained.
Our purpose of this study is focused to reconstruction of the Neogene paleoceanography of western Pacific and Caribbean Sea based on Discoaster abundance and Reticulofenestra size variabilities. On the basis of comparison of our results with those of Indian Ocean (Young, 1990) [11] , and northwestern Pacific Ocean (Imai et al., 2015) [10], we discuss the paleoceanographic events through the Neogene, and interpret the cause of the events based on the correlation to global tectonic and climatic events. 
Location and Study Area

Materials and Methods
A total of 234 samples was collected from Hole 782 A and Hole 1007 B, C, covering the middle Miocene to the Pleistocene. The sedimentary section is stratigraphically complete, and is composed of nannnofossil marl and vitric nannofossil chalk at Site 782 [12] . A samples were observed with the studied interval extends from sample 1H-1, 80 -81 cm to sample 35X-6, 77 -76 cm (2.3 -332.25 m below the sea floor: mbsf) of the middle Miocene to Pleistocene.
The sedimentary sequence recovered from ODP Site 1007 (Hole B and C) consists of Pleistocene to upper Oligocene sediments characterized by nannofossil ooze, unlithified to lithified foraminifer and peloidal wackestone and packstone, and foraminifer nannofossil chalk in Hole B and C [13] . The studied interval was between samples 1007B, 23-1, 99 -100 cm through 40X-1, 55 -56 cm (204.09 -359.95 mbsf), and 1007C, 8R-CC to 50R-CC (378.9 -783 mbsf) of the middle Miocene to Pleistocene.
Preparation of the microscope slide explained as follows: samples were dried in oven with temperature around 70˚C for 24 hour; then by using a mortar, 0.020 -0.050 g (depending on the richness of nannofossil) of powdered were placed in the beaker; and 50 mL of water were added to make a suspension, stir water to make a suspension; after stirring, the resulted suspension was measured out 0.5 mL using the micropipettor; to be put carefully and spread over a cover glass (18 mm × 18 mm) and it was dried on a hotplate at 40˚C; then the cover glass was mounted on a microslide using Norland optical adhesive.
Each microslide was observed under Olympus BX51 binocular polarizing microscope with an oil-immersion objective lens at a magnification of ×1500. We checked all nannofossil species in the microslide to recognize both their first and last occurrence datum planes. Furthermore, we calculate the absolute of coccolith and Discoaster, and relative abundance of each species. The size distribution of Reticulofenestra spp. was also identified by measuring the 50 to 100 of Reticulofenestra specimens in a sample. Absolute ages of datums were provided by Sato and Chiyonobu (in prep.) . Reworked of nannofossil species were not documented in any of the samples.
Results
Stratigraphic Distribution of Calcareous Nannofossil and Datums in the Western Pacific and Atlantic Ocean
We studied the sequence of the middle Miocene to Pleistocene of each Holes. The calcareous nannofossils are generally abundant and preservation is moderate to good in the site 782. However, calcareous nannofossils in site 1007 are moderately to poorly preserve.
ODP Site 782 Hole A
The sequence of the Hole is characterized by abundant occurrences of Reticulofenestra spp. The typical cold water species, Coccolithus pelagicus dominate the lower part of the section. Although Calcidiscus leptoporus, and Pontosphaera spp. are very rare, are present throughout the section continuously. The occurrences of Umbilicosphaera sibogae, Syracosphaera pulchra, and Rhabdosphaera clavigera are limited in the upper part of the section (Figure 2) . The nannofossil datum planes and their ages described by Sato and Chiyonobu (in press) and its horizons found in this study, are shown in Table 1 . Among them, the datum planes of marker species which define the NN boundaries of Martini's zonation [14] , are as follows.
Emiliania huxleyi which defines the NN20/NN21 boundary first occur in sample from 8.4 mbsf. The last occurrence of Pseudoemiliania lacunosa which correlates to NN19/NN20 boundary is found in samples below 18.1 mbsf.
The boundary of NN18/NN19, which is defines by the last occurrence of Discoaster brouweri, is found between 54.6 mbsf/56.1 mbsf. The last occurrences of Discoaster pentaradiatus, D. surculus, Reticulofenestra pseudoumbilicus, and D. quinqueramus, which respectively correlated to NN17/NN18, NN16/NN17, NN15/ .05 mbsf, and 307.27 mbsf. Based on the stratigraphic position of these species, NN10/NN11, NN7/NN8, NN6/NN7, and NN5/NN6 boundaries are traceable to these horizons mentioned above.
Hole 1007B, C
The sequence of this site is correlated to middle Miocene to early Pliocene (Figure 3) . The sequence of upper part is characterized by abundant occurrence of Sphenolithus abies which contains 20% to 50% of the assemblages. Reticulofenestra spp., which accounts for 30% to 70% of the assemblages, dominates the middle to lower part of the sequences (Figure 3 ). First and last occurrences of the marker species are listed in Table 2 .
The zonal boundaries are recognized based on stratigraphic position of the marker species. NN15/NN16 boundary, defined by last occurrence of Reticulofenestra pseudoumbilicus, is found in 205.59 mbsf. Last occurrence of Discoaster quinqueramus which is correlated to NN11/NN12 boundary is found in 286.99 mbsf. The NN10/NN11, NN7/NN8, and NN6/NN7 boundaries defined by first occurrences of Discoaster berggrenii, Catinaster coalitus, and last occurrence of Cyclicargolithus floridanus are recognized in 332.83 mbsf, 504.1 mbsf, and 783 mbsf. Relationship between the coccolith productivity and relative abundance of Discoaster shows the negative correlation throughout the section (Figure 4) . Coccolith number is low in the section of NN6 and NN7, increases from NN8 to NN16. It also drastically increases the number in the Pleistocene sequence. Relative number of Discoaster which is maximum in NN6 to NN10 in the Miocene, decrease in the sequence above NN10, and abruptly disappeared in 2.0 Ma.
Coccolith and
ODP Site 1007 Hole B and C
The mode of Reticulofenestra size is situated in 2 to 3 μm throughout the section (Figure 5) . Bimodal pattern in the sequence also found in the lower part of the section from NN7 to NN10. Another bimodal pattern is also recognized in the lower Pliocene sequence.
Although coccolith productivity increases from NN8 to NN16, relative abundance of Discoaster indicates no significant changes.
Discussion
Global Sea Surface Stability and Significant Paleoceanographic Episodes among the Indian Ocean, Bahama Bank of Caribbean, Northwestern Pacific and Western Pacific Ocean
We analyze the number of coccolith productivity, Discoaster productivity and size variations of Reticulofenestra to reconstruct the Neogene paleoceanography of Bahama Bank of Atlantic and western Pacific Ocean (Figure 6,  Figure 7 ). The coccolith productivity of site 782 is characterized by increasing from NN6 to lower part of NN8-NN10 Zone while the relative abundant of Discoaster species shows opposite trends in this interval. The mode and maximum size of the Reticulofenestra show five times increasing patterns while the mode indicates bimodal (Figure 6) . The general patterns of maximum of Reticulofenestra are indicated by decreasing in this sequence from 14 Ma to recent. The change in relative abundance and productivity of coccolith are also closely related with the stepwise change in the modal size of Reticulofenestra in NN10, NN11, NN17 and NN19 Zone ( Figure  6) .
Although the coccolith and Discoaster productivity of Site 1007 located in the Bahama Bank is not changed clearly during Miocene sequence, coccolith productivity suddenly increased in the early Pliocene of NN12 to NN16 (Figure 7) . The mode and maximum size of the Reticulofenestra show two times increasing patterns while the mode indicates bimodal (Figure 7) . The dominance of small Reticulofenestra in 8.8 Ma are positive correlation with coccolith productivity. Figure 8 shows the correlation of coccolith number, relative abundance of Discoasters, and maximum size of Reticulofenestra between sites 782 and 1007. The drastically decreasing of maximum size of Reticulofenestra at 8.8 Ma in the late middle Miocene and 3.75 Ma in the late early Pliocene is found in both sites.
Focusing to paleoceanography analysis, nannofossil has been described as a good tool for reconstruct the oceanographic condition. Molfino and McIntyre [2] described the utility of Florisphaera profunda assemblages which shows the stability of sea surface condition. However, as Florisphaera profunda first appears in late Neogene, it's impossible to analyze the Neogene paleoceanographic conditions based on Florisphaera profunda assemblages. Recently, Sato and Chiyonobu [8] focused to Discoasters for paleoceanographical analysis. Discoasters had been believed the warm water species based on distributions in low latitude region [15] - [17] . However, Aubry [5] , Chepstow-Lusty [18] , Stoll et al. [6] , and Sato and Chiyonobu [8] described that Discoasters lived in lower photic zone of oligotrophic environment and its ecology is similar to Florisphaera profunda. This means that abundant occurrence of Discoaster indicates the distribution of stable sea surface condition with thermocline and nutricline.
On the other hand, distinct size variations of Reticulofenestra in the Miocene sequence are reported by many authors [8] - [11] [19]- [22] . Hagino et al. (2000) suggested that small specimens of Reticulofenestra were more abundant in eutrophic surface waters than in oligotrophic surface waters [23] . Recently, Sato and Chiyonobu (2009) studied the size variations of Reticulofenestra in the middle Miocene sequence in Pacific Ocean, and described that the presence of large size Reticulofenestra shows the stable and oligotrophic sea surface condition [8] . On the basis of the these phenomena, Farida et al. (2012) suggested that the collapse of thermo-and nutri-cline occurs step by step during Miocene to Quaternary at ODP Hole 805B in the western equatorial Pacific Ocean based on Discoaster relative abundance and the Reticulofenestra size variations [9] . These studies also indicated that the collapse of the stability of the sea surface stratification in the equatorial western Pacific Ocean has been changed in steps by steps from oligotrophic to eutrophic conditions during the Miocene to Quaternary.
Based on these results, we interpret the paleoceanographic environment in the study area. The maximum size of Reticulofenestra increased until 8.8 Ma which shows the oligotrophic conditions with sea surface stratification and thermocline. However, the maximum size of Reticulofenestra suddenly decreased at 8. We also make comparison between our results and those studied previously in the Indian Ocean (Young, 1990 ) [11] and in the northwestern Pacific Ocean (Imai et al., 2015) [10] . Young [11] present three bimodalization occurred in the Indian Ocean sites from NN6 to NN16 Zone at 8.8 Ma; 5.4 Ma; and 3.75 Ma (Figure 9) . The strong decreased maximum size of Reticulofenestra coccoliths is present in 8.8 Ma. These events are responsible for the change of sea surface stability in the Indian Ocean. Imai et al. [10] studied calcareous nannofossil assemblages from ODP holes 1210A in the northwestern Pacific Ocean also present the large number of Reticulofenestra coccolith indicates a shallow thermo-and nutricline is drastically change to the small size in six times (in 8. These results indicate that nannofossil events recognized in this study show the drastic changes of paleoceanography in the world occurred four times throughout the Neogene. Especially the events are distinct in the Pacific Ocean.
Correlation of the Global Tectonic Events and Paleoceanography of the Western Pacific and Bahama Bank of Atlantic Ocean
Many global tectonic and climatic events occurred in the Neogene have been studied. We compare the present investigated results of the size variation of Reticulofenestra in the western Pacific Ocean and Caribbean sea with those in Indian Ocean [11] and northwestern Pacific [10] (Figure 9) . Changes of Reticulofenestra maximum and mode size which are strongly related to the collapse of stability of Ocean surface are clearly traceable to these oceans. Among these events, two of them are found in the oceans distinctly. These are as follows: Event ①: Found in the uppermost NN10 Zone in the late Miocene (8.8 Ma; Figure 9 ) Event ④: Found in the NN15/NN16 boundary in the Pliocene (3.75 Ma; Figure 9 ) The changes of maximum size of Reticulofenestra are strongly influenced by collapse of sea surface stability related to disappearance of nutricline by upwelling. Based on the characteristics on relation between size variability and nutrient condition, these nannofossil events are interpreted as change to high nutrient condition resulted in the changes of Global climate system. During 8 Ma and 10 Ma is characterized by the intensify the Asian Monsoon caused by uplift of Tibetan Plateau [24] - [27] . This means that Event ① recognized in 8.8 Ma in the Indian Ocean, Bahama Bank of Atlantic Ocean, and western Pacific Ocean are strongly influenced by the intensify the Asian Monsoon.
Event ④ of 3.75 Ma is strongly related to formation of Panama Isthmus. Haug and Tiedman [28] described that current system across the Panama Seaway was changed from 4.6 Ma and intensification of northern hemisphere glaciation was pronounced between 3.1 Ma and 2.5 Ma. Kameo and Sato [21] , Sato et al. [29] , and Bartoli et al. [30] also described the final closure of Panama Isthmus was established around 2.75 Ma based on nannofossil assemblages and isotope stratigraphy. On the basis of these facts, drastic decrease of maximum size of Reticulofenestra occurred in 3.75 Ma was strongly influenced by closure of Panama Isthmus.
The additional events ② and ③ in Figure 9 found in northwestern Pacific and Indian Ocean (Figure 9 ) which are indicated by maximum size changes of Reticulofenestra, is correlated to the formation of hiatus in the western Pacific Ocean and Bahama Bank (Figure 9 ). These two events are correlated to 6.4 Ma and 5.4 Ma. The ages of these events are also respectively correlated to global events as formation of western Antarctic ice sheet and Messinian salinity crisis. Krijgsman et al. [31] presented astronomically calibrated chronology for the Messinian salinity crisis. They show that the onset of the Messinian salinity crisis at 5.96 ± 0.02 Ma and also isolation from the Atlantic Ocean was established between 5.59 and 5.33 Ma. Messinian salinity crisis event influenced to changes of sea surface stability conditions in the global sea level [32] [33] . This indicates that the event ③ in 5.4 Ma indicated by size changes of Reticulofenestra, is strongly influenced by Messinian Salinity Crisis.
Conclusions
The distribution of coccolith abundance, Discoaster productivity and Reticulofenestra species size through the Neogene sequences in western Pacific and Bahama Bank was studied to reconstruct the ocean surface stability.
Our results indicated that the size of Reticulofenestra increased five times throughout the section. However, it drastically decreased in NN8-10 (8.8 Ma), NN12-13 (5.4 Ma), NN14-NN15 (3.75 Ma), NN17/NN18 (2.514 Ma) and in NN19 Zone (0.8 Ma) in the western Pacific site. These changes of Reticulofenestra maximum size which are strongly related to the collapse of stability of Ocean surface are clearly traceable to Bahama Bank, western and northwestern Pacific Ocean and Indian Ocean.
Among them, two events found in 8.8 Ma and 3.75 Ma are respectively correlated to intensify the Asian Monsoon and closure of Panama Isthmus. These results indicate that the collapse of sea surface stability in 8.8 Ma is strongly influenced by intensifying the Asian Monsoon, and that in 3.75 Ma was influenced by closuring the Panama Isthmus.
